Nasal plugs were made from an N-95 respirator, surgical mask or a cotton ball and inserted into the nares of volunteer healthcare workers for 30 min. Initial and persistent respiratory resistance, choking sensation, and discomfort in the mouth and nose areas were recorded for the three different nasal plugs, the N-95 respirator and a surgical mask. Nasal plugs were more convenient and better tolerated than the masks. The ability of the nasal plug material to prevent infection by droplet transmission was also tested. A piece of each material was placed on a blood agar plate, the volunteer coughed onto the plate and the material was removed. Bacterial colonies only grew in the areas not previously covered by the nasal plug material. The cotton ball nasal plug is probably as effective as the N-95 respirator or surgical masks at preventing infection, and is much cheaper.
Introduction
To date, masks have been a popular tool for preventing the spread of respiratory infections, and surgical masks are commonly used to prevent infections passed through the droplet route. 1 In particular, high efficiency particulate air filter (HEPA) masks, such as the N-95 respirator, have been recommended for preventing tuberculosis through airborne transmission. 2 Inappropriate use of masks, however, greatly reduces their efficacy. 3 Exhaled air trapped inside the mask is inhaled again during respiration, reducing the oxygen supply. This becomes bothersome to patients requiring a good oxygen supply, such as those with cardiovascular or respiratory diseases, and to healthy individuals who can experience respiratory resistance and choking while using masks as a preventative measure against communicable diseases. Masks have two other drawbacks that directly impact on their efficacy: they require removal for eating, drinking and often talking, and are the source of discomfort in the facial area covered by the mask.
As an alternative to masks, this study tests the efficacy of nasal plugs for preventing respiratory infections. This research is timely, given the need for urgent prevention of the spread of diseases such as severe acute respiratory syndrome (SARS). 4
Materials and methods

PREPARATION OF THE NASAL PLUGS
A surgical mask was cut into 6 × 1 cm strips.
These strips were rolled into a plug that could be inserted into the nares of the volunteers. Nasal plugs were made from the N-95 respirator membrane material in the same way. Nasal plugs made from cotton balls (uncompressed and without any compacting) were prepared as 6 × 1 cm strips.
RESPIRATORY DIFFICULTIES AND BENEFITS
The nasal plugs were inserted into both nares of a group of healthcare workers (HCWs) and were kept in place for 30 min. After all three nasal plugs had been tested, the same HCWs were then asked to wear a surgical mask and the N-95 respirator so that, ultimately, each HCW tested each item involved in the analysis. The mask edges were affixed to the HCWs' faces using tape to prevent face-seal leakage. The respiratory difficulties and benefits were recorded in the same way as for the nasal plugs.
Ethical approval and informed written consent were deemed unnecessary for this study.
EVALUATION OF DROPLET TRANSMISSION PREVENTION EFFICACY
A sterile procedure was used to prepare the samples for testing. A piece of the N-95 respirator membrane and a piece of surgical mask were cut into a circular shape, measuring 2 cm in diameter, and placed onto the same blood agar plate. A cotton ball measuring 2 cm in diameter and 1 cm thick was also placed on the agar plate. The area of the blood agar plate not covered by the materials was used as a control. A HCW was asked to cough three times against the blood agar plate from a distance of 15 cm. The pieces of N-95 respirator, surgical mask and cotton ball were then removed and the plate incubated at 37°C overnight. This process was performed for each HCW involved in the study.
STATISTICAL ANALYSIS
The χ 2 test was used to compare the respiratory difficulties of the masks versus the nasal plugs. A P-value < 0.01 was considered to be statistically significant. Choking sensation 25 (100%) 8 (32%) 0 (0%) 0 (0%) 0 (0%) Discomfort in the mouth and nose areas 25 (100%) 25 (100%) 0 (0%) 0 (0%) 0 (0%) *P < 0.01 (N-95 respirator mask versus nasal plugs).
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Results
The respiratory difficulties and benefits experienced by the 25 HCWs participating in this study, when using the nasal plugs and masks, are shown in Table 1 . The two HCWs who had persistent respiratory resistance with the N-95 nasal plugs reported this to be slight. The discomfort in the mouth and nose area experienced when using the masks was due to the accumulation of heat in the area covered by the masks. The difference in respiratory difficulties induced by masks was statistically different to that induced by the nasal plugs (P < 0.01).
No bacterial growth was seen on any of the blood agar plates in the area that had been covered by the cotton ball, surgical mask and N-95 respirator material during coughing. Bacterial colonies did appear in the control area of all blood agar plates.
Discussion
The difficulties of using masks, especially HEPA masks, have been well documented. 3 The biggest problem is that exhaled air is trapped inside the mask and is inhaled again by the wearer. This experiment suggests that the difficulties experienced with masks are not attributable to respiratory resistance, but to the presence of a greatly diminished supply of oxygen inside the mask. In contrast, individuals wearing a nasal plug would continuously breathe fresh air, and not experience a choking sensation or any significant respiratory resistance. The nasal plug also greatly reduces the air leakage that frequently occurs with masks. 3 The second factor that can impact on the efficacy of masks is the need to remove the mask to eat, drink or talk. There are no such problems with nasal plugs.
A third factor that makes nasal plugs more attractive in preventing respiratory infections is their price. Nasal plugs are probably more affordable than both of the masks used in this experiment.
Finally, it is difficult to convince HCWs to wear masks all of the time because of the discomfort (as described in this experiment), as well as the unappealing appearance of masks. Nasal plugs could eliminate this problem. They can be manufactured so that they are discreet but visible, so that others can see them and know that they are being protected.
The main pathway of entry for respiratory infection is through the nose, so nasal plugs are expected to be an important way of preventing such infections. For extremely contagious respiratory infections, both nasal plugs and regular masks might be needed, such as for HCWs who care for or intubate patients with SARS.
This experiment indicated that the cotton ball was probably as effective as the surgical mask or the N-95 respirator in preventing transmission of infections through droplet transmission. This is a significant result because of the expense and difficulty associated with accessing N-95 respirators and surgical masks in SARS endemic areas.
The N-95 respirator has not been recommended or proven to be useful in preventing viral respiratory infections, although it was recommended by the Centers for Disease Control to prevent SARS. 5, 6 Viral particles are probably too small for the N-95 respirator to trap, 7 so masks with higher efficiencies than the N-95 respirator might be necessary to prevent viral respiratory infections such as SARS. Masks with higher efficiency characteristics than the N-95 respirator will, however, create more respiratory difficulties. Nasal plugs could be an alternative.
Anyone can immediately use the nasal plugs described in this paper to prevent JT Huang Nasal plugs for preventing respiratory infections respiratory infections such as SARS. Any commercially-designed nasal plugs will need to incorporate several characteristics, including: different sizes; waterproofing; and safety enhancements, especially to include a design that prevents the nasal plug from slipping into the nasal cavity, despite this not being a problem in this study.
Safe use of the nasal plug requires an individual to wash their hands before inserting the plug. The nasal plug should not be pushed too deeply into the nasal cavity; the plug should be inserted into the nares to a depth directly proportional to the individual's comfort, without the plug being too tight or loose. It is also necessary to only breathe through the nostrils, as breathing through the mouth will nullify the protection offered by the nasal plug.
Nasal plugs should be removed by forceful exhalation through the nostrils rather than by using the fingers. Changing the plugs approximately every 2 h may increase their efficacy. Use of nasal plugs by young children and the elderly may not be safe until well-designed commercial nasal plugs become available.
